Blood cultures are the cornerstone of enteric fever diagnostics and are the only tools available for reliable detection and monitoring of antimicrobial resistance (AMR). [1] Despite major advancements in rapid susceptibility testing, many automated methods remain inaccessible in resource-poor settings where AMR emerges and spreads. In view of rising AMR in enteric fever in resource-poor settings, validation of rapid and reliable methods is essential. Disk diffusion is still the most widely used and least expensive method employed in high-burden countries. [2] Although reliability of direct susceptibility testing from blood culture broths is well known, methods are not standardized, and no published studies have focused on typhoidal salmonellae. The American Society for Microbiology (ASM) endorses the application of susceptibility testing procedures to blood culture broth diluted in Tryptic soy broth (TSB). [3] We have evaluated direct susceptibility testing in Salmonella Typhi and Paratyphi A from blood cultures with and without dilution in TSB against the reference 0.5 McFarland susceptibility testing from bacterial colonies. The study was approved by the Ethics Review Committee of the Aga Khan University (approval number 4184-Ped-ERC-16).
Susceptibility testing was performed by three methods on blood cultures received at our laboratory and positive for Gram-negative bacilli on smears [ Figure 1 ]. The first two "direct" methods were performed when blood culture bottles flagged positive in the automated BacT/Alert system (bioMerieux, l'Etoile France). The direct broth (DB) method was performed by inoculating 3 drops of blood culture broth directly onto 100-mm Mueller-Hinton agar (MHA) plates (a drop represents one-or two-twentieth of a milliliter). This was followed by "lawning" with sterile cotton swabs and inoculation of Oxoid Filter paper discs (6 discs per plate). Plates were incubated in 37°C for 18 h, following which zone diameters were read in reflected light, for isolates identified as . The ASM-recommended TSB method was performed as described previously [3] onto MHA plates followed by procedures similar to the DB method. Reference 0.5 McFarland disk diffusion method was performed from 18-h colonies on MacConkey agar. Zone diameters for all three methods and categorical susceptibility interpretations as per Clinical and Laboratory Standards Institute breakpoints [4] were recorded in MS Excel and analyzed for categorical agreement with the reference method. Quality control was performed with the American Type Culture Collection (ATCC) controls on each day of testing with Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853. Table 1 shows the results of disk diffusion testing with the direct blood (DB) and ASM TSB methods for 130 isolates of Salmonella Typhi and their categorical agreements. Fifty (n = 50) of 130 blood cultures tested grew ceftriaxone-resistant extensively drug-resistant (XDR) Salmonella Typhi, against which azithromycin and imipenem results were also recorded. Categorical agreement for ampicillin, cefixime, ceftriaxone, chloramphenicol, and co-trimoxazole was 100% for both methods. Categorical agreement for azithromycin and imipenem for 50 XDR Salmonella Typhi was also 100%. Minor errors were observed for ciprofloxacin, however. For both methods, results for 8 isolates were discrepant (6 for each method). Interestingly, such discrepancies were not observed in XDR Salmonella Typhi which is likely to be due to high-level resistance to fluoroquinolones owing to the presence of the additional qnr plasmid-borne gene. [5] The overall categorical agreement was >90% for ciprofloxacin.
For Salmonella Paratyphi A, among 20 cultures tested, categorical agreements were 100% each for ampicillin, ceftriaxone, ciprofloxacin, co-trimoxazole, and chloramphenicol. For the direct method, one isolate tested intermediate to cefixime but tested sensitive on the TSB and the reference method [ Table 1 ].
Although this is not a multicenter study, the blood cultures processed were not restricted to a single health-care center or setting but include a large population denominator owing to the wide network of diagnostic laboratory services provided by our center in Pakistan. [6] In conclusion, performance of the DB method for cultures growing typhoidal salmonellae is acceptable, with no very major or major errors observed and very few minor errors only for ciprofloxacin and cefixime. Since this method shortens reporting turnaround time and avoids unnecessary processing and inoculation in TSB from blood, we recommend that high-volume laboratories in typhoid endemic regions use this method after a small verification study on local Salmonella isolates under recommended biosafety conditions.
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